Abstract. Due to the finite kinetic energy in the intermediate N∆ state the (internal) energy available for mesonic decay is decreased and consequently the effective N∆ width is suppressed in NN scattering. The same can happen also in ∆∆ case. Also the N∆ angular momentum suppresses the width as well, while the effect of the initial NN angular momentum is more subtle. The state dependence affects e.g. pion production observables and can also be seen as the origin of T = 1 "dibaryons".
Introduction
N∆ configurations arise by coupled channels in various contexts (e.g. pion production and absorption) as intermediate excited states of the externally given NN states. As such, below the nominal N∆ threshold the channel is naturally closed (virtual) and of finite range. Also at and above threshold the N∆ wave function is confined due to the finite pionic decay width of the ∆. In both cases the expectation value of the kinetic energy would be finite in the channel. As seen from Fig. 1 , apparently the relative kinetic energy E(p) does not participate in the decay as the invariants s i do, but should rather be subtracted from the total overall energy [1] .
For nonzero angular momenta another aspect of kinetic energy, the centrifugal barrier, can obviously act as repulsion in the N∆ channels strongly suppressing the corresponding wave functions. This, in turn, causes strong state dependence to their effects [2] Figure 1 . Kinematics of the N∆ (left) and ∆∆ (right) decays. The relative momenta q i between the pion and nucleon are given by 
N∆ states
The effective decay width of the N∆ configuration, associated with NN scattering, into the three-body final state of Fig. 1 can be calculated explicitly as an average over kinematically allowed momenta [1, 3] 
Here Ψ N∆ (p) is the Fourier transform of the appropriate partial wave component and Γ(q) the free ∆ → Nπ width with q as the relative Nπ momentum. The kinematics is determined by first subtracting the kinetic part from the c.m.s. energy. The effect of this decrease of available decay energy (and angular momentum barrier) is shown in Fig. 2 
distance, the barrier is ≈ 40 × L(L + 1) MeV and the loss of the mass barrier M ∆ − M N in transition is partly regained from the diminished centrifugal barrier. However, the angular momentum barrier in the N∆ state is the dominant effect and the NN secondary. Still, it is remarkable that by these arguments one gets the quantum numbers of the isovector dibaryons of Ref. [4] correctly and the mass values reasonably well from the above rotational series [5] .
∆∆ states
In the case of two decaying particles it may be necessary to specify how the lifetime is defined. The decay rate for particles 1 and 2 with widths Γ 1 and Γ 2 starting from time zero is taken to be Γ 1 exp(−Γ 1 t 1 ) × Γ 2 exp(−Γ 2 t 2 ). The total transition probability at time t is then (integrating over different time orderings)
and the survival probability 1 − P(t) = exp(−Γt)[exp(−δt) + exp(+δt) − exp(−Γt)] (with the notation Γ = (Γ 1 + Γ 2 )/2 and δ = (Γ 1 − Γ 2 )/2). So, the dominant part is consistent with the decay width being the average Γ, or the single width in the case Γ 1 = Γ 2 = Γ. In view of the kinematic results of Sec. 2 it may be possible that even this is further decreased. Now the two-∆ decay width into NNππ is calculated as the double integral
Here the maximum limit of the free variable p is obviously from the kinematics of Fig. 1 p max = √ s/4 − (M + µ) 2 and the upper limit of the pion momentum as a function of p is obtained from the maximum internal energy of particle one
as
In the pion integration the second dependent momentum q 2 in turn is obtained from
with [6] and speculated as a possible dibaryon. The result is shown in Fig. 3 . Both curves indicate a width less than a single free ∆ and relatively well agreeing with the experimental value. The narrowness may be considered surprising, though it is in line with the results of Sec. 2 and also of Gal and Garcilazo [7, 8] . 
Critique
The present calculation does not purport to be a genuine dynamic ab initio field theory starting from interaction vertices. Rather the "vertices" in Fig. 1 illustrate the actual observable width for the decay ∆ → Nπ. A deeper work would involve also complex meson exchanges [9] , which would probably increase inelasticity. On the other hand these may be strongly attractive and long-ranged bringing the mass from the ∆∆ threshold cusp at 2440 MeV down to the d ′ (2380) region. Also inelasticities due to heavier particles ρ or N ′ (1440), the Roper resonance, are absent. Further, one might question the validity of the extension of the parametrization of the experimental free width to the high momenta needed in Eq. 3.
In spite of these shortcomings and the lack of a quark calculation here, the present results may throw some doubt on the inevitability of d ′ (2380) being the "smoking gun" manifestly demonstrating quark exotics in intermediate energy NN scattering based mainly on its narrowness. A similar conclusion may be implied also from Ref. [7] . An interesting extension of these calculations would be to isospin 2 or 3, which are not directly coupled with two-nucleon scattering states.
